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Contacts Bedding, number indicates dip Foliation, number indicates dip
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. —— Inclined, upright —a_ Generic, inclined
— ——— Approximately located Inclined ioht. facing indicat Flattening foliation in tuff
.......... —— Inclined, upright, facing indicator o attening foliation in tuff,
"""""" Concealed . observed 9 or ignegous flow foliation, inclined
T:'L 4; Nature uncertain —  Vertical —— Joint, inclined
aults —— Vertical, facing indicator observed L Close disjunct cleavage, inclined
Accurately located . . - .
. —'— Inclined, approximate measurement — Close disjunct cleavage, vertical
— — — Approximately located ) i ) )
3580 a5 | e, Concealed ~w o Inclined, orientation variable Lineation, number indicates
] ] —o o Nature uncertain ~— Inclined, overturned plunge
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// : ? [ ’ | ] N Other line SymbOIS indicator observed 9
Dike (map unit indicated by label) ] )
~mmeeMarker beds (labeled individuallyy ~ F-ault orientation
_________ Boundary of mapped area —  Dip direction and magnitude

Map U N its Laramide igneous rocks
TK

£o5 FEIA Felsic quartz-porphyry dikes (Paleocene or Cretaceous)

dary . - ; > o : , Vi ’ ‘ il _ "~ . 1T !
%_ St : AT \ ) X , SESSSS 4 N SRR v | 1 ) p : ‘ KIS \ HP H H Crystal poor felsite (Paleocene or Cretaceous) -- Dark greenish gray vitric to
: ¥ e g = ; _fﬁ‘\ : : = Poss = =N 3 . X = : iy Y/ r : e N\ / “ e . : — Surf|C|a| G90|OgIC Un|ts - I'ﬁght-gray aphanit(lc matrix with rare feldspar crystals.
; : 7 < / i ' ' / =" ’ . o ) . ) i Andesitic lava and hypabyssal intrusive rock (Paleocene or Cretaceous)
Map units consisting of variably consolidated clay, sand, and gravel, differentiated
based on soil development, depositional environment, and outcrop morphology - Indermediate-composition hypabyssal intrusive rock (Paleocene or Cretaceous)
Talus and colluvium (Holocene) Felsite of Dos Titos (Cretaceous)
. . . . V7477 Light gray, very fine-grained granitic rock with
Holocene alluvium, undlffgrentlated (~0 tq 10 ka) -- C_hannels and alluvial %% gspagrseycrys als Of%|agioc|gse, biotite or hornblende, and rare quartz
: A 9 surfaces of sand and silt, or covered with non-varnished to weakly 77 Crytal felsite - Light . lite with feld tal
o chlpx/ﬁf = varnished, angular to subrounded, gravel. 4)% rytal poor felsite -- Light gray microaplite with sparse feldspar crystals
NN L e Late Holocene alluvium (<4 ka) -- Sand, silt and TRazs Mixed felsite and mesobreccia of the tuff of Sharp Peak
5% o) f;{f == gravel in active channels, low terracesand oo
‘ / ) /f? =~ : ALY . Al alluvial fans. Tuff of Sharp Peak (Cretgceous) ' . . . .
: = (U5 el =S ‘, AN S | ; / * MY Middle Holocene alluvium (~2 to 10 ka) -- Surfaces composed Ckap .| Moderately crystal-rich rhyolite, welded ash-flow tuff, containing crystals o
- %, s%# e 4 SR A ~ 7 // ) of sand and silt, or covered with unvarnished to weakly k\& plagioclase, quartz, K-feldspar, and biotite .

Mesobreccia, angular to sub-angular lapilli to blocks of sandstone and older
volcanic rocks

Late Pleist to Hol lluvi ~0 to 130 ka) -- Broadl ded and
ate Pleistocene to Holocene alluvium (0 to a) roacly rolinded an Rhyolite lava (Cretaceous) -- Light gray, crystal poor rhyolite and rhyolite breccia.

varnished, angular to subrounded, gravel.

slightly to moderately dissected relict alluvial fans and terraces.
Consist of slightly reddened late Pleistocene alluvium (Ql) with a
thin veneer of late Holocene alluvium (Qy2).

m Late Pleistocene alluvium (~10 to 130 ka) -- Broadly rounded to rounded and MMM] Tuff of San Pedro (Cretaceous) -- Crystal rich biotite-plagioclase welded tuff.
moderately dissected relict alluvial fans and terraces; 1 to 2 m of
active channel incision; relict bars and swale morphology preserved;
deposits consist of gravel, cobbles, and finer-grained sediments. Mesozoic Sedimentary and Volcanic rocks

m Late Pleistocene alluvium over pedimented surfaces (~10 to 130 ka) -- Fairly
planar erosional surfaces cut into bedrock on upper piedmonts with
locally thin and patchy veneers of late Pleistocene (Ql) alluvium. Conglomerate f(Cretaceous?) -- Massive conglomerate that contains boulders

—] Confidence Peak Tuff (Cretaceou? -- Crystal-rich welded ash-flow tuff, with
crystals of quartz, plagioclase, K-feldspar and biotite.

Clastic sedimentary rocks, undivided (Cretaceous or Jurassic).

Late Pleist i i keic hori (~10 to 130 ka) of KJs-type feldspathic-lithic sandstone
ate Pleistocene alluvium over a petrocalcic horizon (~10 to a) -- . . .
N 8 Qlk Surfaces typically 2 to 3 m above active washes, well rounded ridges m\%\ Sandstone photogeologic unit 2 (Cretaceous or Jurassic) -- Vaguely banded outcrop,
5576 |s4,f\ ( ‘> ; NS N S5 : 5576 with coarse surface lag; older petrocalcic horizon covered by alluvium b tan to brown colors, suggest equivalence to KJs.
p k%g\:%;\;\ e = U LI % ’ <0.5 m to 3 m thick and is intermittently exposed. Kip1 Sagggé?,?g ,ﬁ’gf’;%%%%ong{ic#Pétb;é8@&1‘?\?&‘5t"tBJtéﬂif,sf,cr)ﬁsC}‘,ray outcrop,
MENRY ; Late to middle Pleistocene alluvium (~10 to 750 ka) -- Broadly rounded ' '
Y H\ N surfaces on the piedmont north of the Waterman Mountains; open and Unit of Tunnel Well (Cretaceous or Jurassic) -- Massive volcanic lithic conglomerate
loose to moderately packed gravel surface lag; petrocalcic horizon with gray-green volcanic lithic sand matrix; clasts dominantly andesite.
often exposed in washes; Non-limestone clasts are moderately to o . .
. ) . DY oarse-grained sandstone and conglomerate (Cretaceous or Jurassic) -- Generally
strongly varnished; sparse relict bars and swales; soil color brown massﬁle, arkosic to feldspathic s%ndstone agnd conglomeratic sandgtone,
to slightly reddened (like Ql) to red (like Qm). with magnetite laminations.
m Middle Pleistocene alluvium (~130 to 750 ka) -- Moderately dissected relict KJs | Sandstone, mudstone, and conglomerate (Cretaceous or Jurassic) -- Sandstone brown
alluvial fans, with several meters of active channel incision; surfaces to gray, arkosic to volcanic-lithic, generally thin to medium bedded
smooth with moderately to tightly packed cobble pavements; surface lag : T : :
moderately to strongly varnished; soils contain reddened, clay argillic L"?jﬁ}?s”a‘i,ﬁi%fﬁttﬁi%efg‘,?d‘gic;’n”g?ﬁﬂhaha'_mesm”e and sandy limestone predominant over

horizons, with obvious clay skins and subangular blocky structure; stage
1l to IV soil carbonate development. Reddish feldspathic-lithic sandstone, argillite, and limestone (Cretaceous or Jurassic)

(G| Middle Pleistocene alluvium over pedimented surfaces (~130 to 750 ka) -- Fairly Dark volcanic lithic sandstone and conglomerate (Cretaceous or Jurassic)

a3 planar erosional surfaces cut into bedrock with thin and patchy veneer of | . - .
A L &= : - . . 7] Intermediate composition lava or hypabyssal rocks (Cretaceous or Jurassic) --
_“‘\{,‘@ e N S ) . = middle Pleistocene (Qm) alluvium; surfaces several meters above active I Dark gray, vesi?:ular basalt or an)é%sit):a, gray to pL(erIish-gray dacite )
SEHR Kl "\ : . ' . | I ‘ channels; preserved soil characteristic of Qm alluvium; surface lag with plagioclase phenocrysts, and associated intrusive and fragmental rocks

angular to subrounded.

Andesite to dacite volcaniclastic breccia (Jurassic?)

\)w-\/‘v\-«(‘\\,ﬁ : N % ' ‘ - - : 1 ) \\'\ \ »; ! o - S — ‘ B L B - =1l 5 Middle Pleistocene alluvium over a petrocalcic unit (~130 to 750 ka) -- Well-
7 R . : ] ~ : / ! | gl rounded rounded ridges with well-developed drainages; surfaces incised

3574 0.5 to 4 m; petrocalcic horizon intermittently exposed in drainages and

Jt  Tuff marker beds
roads; pavement moderately developed; non-limestone clasts moderately to W Quartz arenite (Jurassic?) -- Tan fine-grained quartz arenite,

3574

locally with large-scale cross- in
strongly varnished; surface soil horizon is tan to white, carbonate-rich, ocaly arge-scale cross-bedding
and littered with fragments from underlying petrocalcic horizon.

Reddish mudstone, siliceous argillite, and quartz-arenite (Jurassic or Triassic)

Middle to early Pleistocene alluvium (~500 ka to 1 Ma) -- Moderately dissected

_ _ : . =vs.| Red mudstone and volcanic lithic sandstone, with
relict alluvial fans; broadly rounded ridges not as deeply dissected as

interbedded quartzite in lower part (Jurassic or Triassic)

Qmk surfaces; non-limestone lag moderately varnished; surface soil horizon Light greenish-gray siliceous argillite and feldspathic sandstone (Jurassic or Triassic)
is light colored and carbonate-rich and littered with fragments derived
from underlying cemented petrocalcic horizon. Light gray to white, feldspathic quartz arenite,

ang quartzite cobble conglomerate (Jurassic or Triassic)

m Early Pleistocene alluvium (~750 ka to 2 Ma) -- Moderately dissected relict . ) . .
fans with up to 10 m of active channel incision; depth of dissection by Karst(?) breccia (Early Mesozoic) -- Limestone blocks in red-brown mudstone.
channels is similar to Qm surfaces, but areas between channels are more
rounded by erosion; rock varnish on non-limestone clasts varies from weak
to moderate; light colored, carbonate-rich surface soil horizon littered Paleozoic sedimentary rocks
with fragments derived from an underlying petrocalcic horizon.

Rainvalley(?) Formation (Permian) -- Thick bedded to massive, locally cherty
Early Pleistocene to Pliocene alluvium (~1 to 5 Ma) -- Alluvial fan and limestone and dolostone ' .
° terrace remnants; surfaces are planar to highly eroded ridges and occupy Cocha Limestone (Permian) -- Massive, gray cherty limestone
the highest position in the landscape of any Quaternary unit, at least Scherrer Formation (Permian) - Tan vitreous quartzite, with red siltstone at base and
10 m above adjacent active channels; surfaces composed of strongly sparse interbedded dolostone

varnished gravel, cobbles, and boulders with an abundance of carbonate
litter; stage V pedogenic carbonate development in soil horizon.

Pco | Colina Limestone (Permian) -- Gray, massive to thick-bedded limestone, no chert.

Earp Formation (Permian to Pennsylvanian) -- Lower sandstone and shale, with
local basal conglomerate; upper sandstone, marl, and dolostone
Limestone or sandstone marker beds
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Bedrock Geologic Units

Escabrosa and Horquilla Formations, undivided, photogeologic identification

Horquilla Formation (PennS)(Ivanian) -- Massive light gray limestone grading up into
limestone, shale, and mar

Tertiary volcanic rocks

ﬁﬁe Mafic dikes (Late Miocene) -- Dark colored dikes that contain
pyroxene phenocrysts up to 1 cm diameter

Trachyte of Nessie's Hill (Oligocene or Miocene) -- Moderately crystal-poor,
dark gray trachyte lava containing crystals of plagioclase up to'4mm
diameter, biotite, and sparse clinopyroxene or amphibole.

Trachyte of El Cerrito de Represso (Oligocene or Miocene)

Several crystal-rich (25-40%) trachyte lava flows containing
plagioclase, biotite, and sparse clinopyroxene or amphibole,

sanidine, and quartz phenocrysts. Abrigo Formation (Middle Cambrian) -- Interbedded shale, quartzite, sandstone
Crystal poor variety agd marl ( ) . q , :

b Bol rtzite (Cambrian) -- Red b t rtzit
Cr;éstal-rich rhyolite lava ?OIigocene or Miocene) -- Rhyolite lava containing olsa Quartzite (Cambrian) -- Red brown to gray quartzite
5-35% phenocrysts of quartz, sanidine, plagioclase, and biotite.

Escabrosa Limestone (Mississippian) -- Massive, light gray limestone, locally cherty

Bolsa, Abrigo and Martin Formations, undivided, photogeologic identification

Martin Formation (Devonian) -- Tan and gray, medium-bedded dolostone

Bolsa and Abrigo Formations, undivided

Trxi  Crystal-rich rhyolite (Oligocene or Miocene) -- glassy rhyolite dike with ~35%

crystals of plagioclase and biotite Igneous rocks (Middle Proterozoic)
Lithic-rich tuff (Oligocene or Miocene) -- Non-welded, moderately crystal rich, i i ?) - ine-grai i
Tt quartz phyric tuff with abundant lithic fragments. - Sierra Ancha Diabase(?) -- Dark gray fine-grained diabase
Rhyolite lava (Oligocene or Miocene) -- Rhyolite lava and breccia, with ~10% -Yg Coarse-grained biotite granite
%70 i 78 . . - / p AN el crystals of sam%ine, quartz, plagioclase, and biotite in variable amounts.
it ' d % 27 \ ) = VE ’ : = iy Rhyolite intrusions (Oligocene or Miocene) -- Flow-banded, crystal poor rhyolite ) .
< , / ( , , ) , , ) Age uncertain or not specified
Felsite of El Cerrito de Gallinas (Oligocene or Miocene) -- Massive or Quartz veins (Terti M . . hite to b itz
"""" flog-banded felsite with ~5% crystals of plagioclase, hornblende, - uartz veins (Tertiary or Mesozoic) -- massive white to brown qua
and sparse pyroxene. . . . . .
. . . Bedrock, undifferentiated (Tertiary to Proterozoic) -- photogeologicall
Mafic lava flows (Oligocene or Miocene) [ R ] B ied badronk aot ficld chetked. ) - photogeologically
i i Limestone (Cretaceous, Jurassic or Paleozoic) -- Thin slivers of gray
- Sandstone and conglomerate (Oligocene or Miocene) - crystallin(e Carbonats slong faul zoree )
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: : 4 8155 Stratigraphy of the Waterman and Silver Bell Moun- The views and conclusions contained
T. 14 S. 8 tains; Trip Il, road log, in Heindl, L.A., ed., in this d t th f th
3 Southern Arizona Guidebook II, combined with the In this document are those of the
8 2nd annual Arizona Geological Society Digest: Ari- authors and should not be interpreted
\§> zona Geological Society, p. 212-217. as necessarily representing the official
— (62 —3 2- |C_|3 ﬁ‘\- girgﬂ%%rg bsidr?_ck mﬁppm(? diment ol policies, either expressed or implied,
R M & . Hall, D.L., , Stratigraphy and sedimentary petrol-
2 -: : "7' B,/E ogy of the Mesozoic rocks of the Waterman Moun- of the U.S. Government.
tains, Pima County, Arizona: Tucson, University of
X3 Arizona, M.S. Thesis, 92 p., 1 sheet, scale
R T 1 1:12,000.
Ros 5. J. E. Spencer, bedrock mapping, supplemented by data
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i Indié;/Tan\k yi st AN J,./Q\Y o g 8. S. M. Richard, bedrock mapping, supplemented by S. M. Youberg, Ann, and Orr, T. R., 2000, Geologic
) , TR RN : 7 _ Ii"iiil et = ) Richard, photogeology, and Hall [1985] (see #4 Map of the Waterman Peak and northern La
‘ ‘ il | e fil [/ above) Tortuga Butte 7.5' Quadrangles, Pima County
Klsue &~ RS 9. Sawyer, D.A., 1996, Geologic map of the Silver Bell Arizona: Tucson, Arizona Geological Survey
~ Ksp S and West Silver Bell Mountains, southern Arizona: Digital Geologic Map 2, Adobe PDF File (1
E U.S. Geological Survey Open-File Report 96-0006, 21 late, 27 pages text) séale 1:24.000
3566 <l 3566 p., 1sheet, scale 1:24,000. plate, </ pag o )
1 3 10. T.R. Orr, bedrock mapping
6 11. A. Youberg and S.M. Richard, photogeology, supple-
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al. [1995] (see #2 above for citations)
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